A novel actinomycete, designated strain EURKPP3H10
the name Cryptosporangium eucalypti sp. nov. is proposed. The type strain is EURKPP3H10
T (=BCC 77605 T =NBRC 111482 T ).
The genus Cryptosporangium was first proposed by Tamura et al. [1] and is part of the family Cryptosporangiaceae. Generally, members of the genus produce yellow to orange vegetative mycelium with scant aerial mycelium. Motile sporangiospores are produced within sporangia. The genus is characterized chemotaxonomically by the presence of meso-diaminopimelic acid in the cell wall, and with glucose and acofriose as the main whole-cell sugar components [2] . The major menaquinone is MK-9(H 6 ) and small amounts of MK-9(H 4 ) and MK-9(H 8 ) are also present. Phosphatidylethanolamine and phosphatidylinositol are present as diagnostic phospholipids. Members of the genus have DNA G+C contents ranging from 70 to 76 mol%. At the time of writing, the genus Cryptosporangium comprised six species with validly published names: Cryptosporangium arvum as the type species, Cryptosporangium japonicum, Cryptosporangium minutisporangium, Cryptosporangium aurantiacum, Cryptosporangium mongoliense and Cryptosporangium cibodasense (http://www.bacterio.net/cryptosporangium. html). Members of the genus Cryptosporangium have mostly been isolated from soil samples [1, 3, 4] except C. cibodasense LIPI11-2-Ac046 T , which was isolated from leaf litter [5] . In this study, a novel Cryptosporangium strain, isolated from surface-sterilized Eucalyptus camaldulensis roots, is described.
During a programme to study the ability of actinomycetes from Eucalyptus roots and rhizosphere soil to control Eucalyptus leaf and shoot blight, isolate EURKPP3H10 T showed high growth-inhibitory activity against Cryptosporiopsis eucalypti, a fungal pathogen causing leaf and shoot blight in Eucalyptus [6] . Therefore, the strain was identified by 16S rRNA gene sequence analysis and found to be a member of the genus Cryptosporangium. Strain EURKPP3H10 T was isolated from surface-sterilized roots of Eucalyptus camaldulensis Dehnh. Briefly, Eucalyptus roots were washed thoroughly with tap water and surface-sterilized using serial treatments of 0.1 % Tween 20 for 5 min following by a solution of 1.0 % NaOCl for 10 min, 2.5 % Na 2 S 2 O 3 for 10 min and 75 % ethanol solution for 5 min, and a final wash in sterile distilled water. Surface-sterilized roots were crushed and suspended in sterile normal saline solution, then spread on to humic acid-vitamin (HV) agar [7] supplemented with nalidixic acid (25 µg ml
À1
) and ketoconazole (100 µg ml Genomic DNA of strain EURKPP3H10 T was extracted according to Kieser et al. [8] and the 16S rRNA gene was amplified as described by Mingma et al. [9] . The PCR products were purified using a Qiagen QIAquick PCR clean-up kit following the manufacturer's protocol and sequenced using primers 1F (5¢-TCACGGAGAGTTTGATCCTG-3¢), 1530R (5¢-AAGGAGATCCAGCCGCA-3¢), Mg4F (5¢-AA TTCCTGGTGTAGCGGT-3¢) and 782R (5¢-ACCAGGGTA TCTAATCCTGT-3¢). An almost-complete 16S rRNA gene sequence (1509 bp) was aligned with members of the genus Cryptosporangium, and the corresponding sequences were retrieved from the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; [10] ) and GenBank database (http://www.ncbi. nlm.nih.gov/). Evolutionary trees were inferred using the maximum-parsimony [11] , maximum-likelihood [12] and neighbour-joining [13] tree-making algorithms in the MEGA 6 software package [14] . The resultant tree topologies were evaluated using a bootstrap analysis [15] based on 1000 resampled datasets.
Cultural characteristics of strain EURKPP3H10
T were determined after incubation for 3 weeks at 28 C on various ISP (International Streptomyces Project) media [16] , Bennett's agar [4] , yeast extract-soluble starch agar (YS agar; [4] ) and GYE agar. The colour of substrate mycelia and soluble pigments was determined by comparing with the standard names of the NBS/ISCC Colour System [17] . Sporangia were observed from 40-day-old cultures grown on soil extract agar [18] by using light microscopy (Olympus CX41) and scanning electron microscopy (Quanta 450 FEI). Motility of spores was observed from growth of the strain on soil extract agar. Five millilitres of sterile distilled water was added onto the plate and the colony surface was scraped gently with the loop. The culture was then left at room temperature for 5-10 min before light microscope observation. The temperature range for growth was determined on ISP 2. NaCl tolerance was studied on ISP 2 containing NaCl at a final concentration of 1-12 % (w/v), at intervals of 1 %. The ability to grow over a range of pH was studied on ISP 2 between pH 4 and 11, at intervals of 1.0 pH unit. The medium was adjusted to the appropriate pH with the following buffer system: 0.1 M citric acid/0.1 M sodium citrate (pH 4-5); 0.1 M KH 2 PO 4 /0.1 M NaOH (pH 6-8); 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 (pH 9-11). Utilization of sugars and sugar alcohols as sole carbon sources was tested on ISP 9 [16] . Enzyme activity profiles were tested using the API ZYM system (bioM erieux) according to the manufacturer's instructions. Urease activity and hydrolysis of various substrates were evaluated using the media as described by Gordon et al. [19] and Williams et al. [20] . The Gram reaction was performed as described by Gerhardt et al. [21] . Catalase and oxidase activities were determined with 3 % (v/v) hydrogen peroxide solution and 1 % (w/v) tetramethyl-pphenylenediamine dihydrochloride solution, respectively. Five type strains of the genus Cryptosporangium, C. arvum JCM 10424 T , C. aurantiacum JCM 3241 T , C. cibodasense NBRC 110976 T , C. japonicum JCM 10425 T and C. minutisporangium JCM 9458 T , were used for morphological, physiological, chemotaxonomic and molecular taxonomic studies.
Freeze dried biomass for chemotaxonomic analyses was obtained after growing strain EURKPP3H10
T in ISP 2 broth with shaking at 220 r.p.m. and 28 C for 14 days. Cells were washed three times in distilled water and freeze-dried. A standard procedure was used to determine the isomer of diaminopimelic acid [22, 23] . Whole-cell sugars were analysed by TLC as described by Staneck and Roberts [24] and Asano et al. [25] . The spot of acofriose sugar (or 3-O-methylrhamnose) moved ahead of rhamnose and gave a brown colour with the aniline phthalate reagent. Menaquinones were extracted and purified according to the method of Collins et al. [26] , and isoprene units were subsequently analysed by LC/MS (JMS-T100LP; JEOL) with CAPCELL PAK C18 UG120 using methanol/2-propanol (7 : 3). Cellular fatty acid analysis was done using the Microbial Identification System (Microbial ID; MIDI Version 6.1) [27] , which was performed at the Faculty of Science, King Mongkut's Institute of Technology Ladkrabang (KMITL), Thailand. Polar lipids were analysed using the method described by Minnikin et al. [28] . Phosphomolybdic acid, ninhydrin, a-naphthol and Dragendorff's reagent were used as specific spray reagents for detection of polar lipids. The DNA G+C content was determined by HPLC according to the method of Tamaoka and Komagata [29] . Levels of DNA-DNA hybridization between strain EURKPP3H10
T and members of closely related species of the genus Cryptosporangium were determined using a modified nylon membrane hybridization method as described previously by Sui et al. [30] .
The nearly complete 16S rRNA gene sequence of strain EURKPP3H10 T (1509 bp) was determined and compared with corresponding sequences in the EzTaxon-e database. Strain EURKPP3H10
T shared highest 16S rRNA gene sequence similarity with C. cibodasense LIPI11-2-Ac046 T (98.3 %). The phylogenetic tree analysis based on almost complete 16S rRNA gene sequences showed that strain EURKPP3H10
T was a member of the genus Cryptosporangium, and clustered with C. cibodasense LIPI11-2-Ac046 T (Fig. 1) , with which it shared a 16S rRNA gene sequence similarity of 99.2 %.
Strain EURKPP3H10
T was an aerobic, Gram-stain-positive actinomycete. Colonies were moderately slow growing on all tested media. Morphological observation revealed that colonies of the strain were circular, convex and orange yellow. Aerial mycelia did not appear clearly in all media tested. The strain exhibited good growth on ISP 2, ISP 3, GYE and Bennett's agar after 7 days of incubation at 28 C. Poor growth occurred on ISP 4, ISP 5, ISP 6 and ISP 7. Reddish brown pigment was produced on ISP 7. The cultural characteristics of strain EURKPP3H10 T on various media are shown in Table S1 (available in the online Supplementary Material). Spherical shaped sporangia (4.5-6.4 µm in diameter) were observed on soil extract agar after incubation at 28 C for 40 days (Fig. 2) . Spores showed motility when they were suspended in water and left at room temperature for 5-10 min. The temperature range for growth was C with optimum growth at 28-37 C. No growth was observed at or above 45 C. The strain was able to grow at pH 6.0-9.0, with optimal growth at pH 6.0-8.0. No growth was observed with 2 % (w/v) NaCl or higher. Strain EURKPP3H10
T could be distinguished from its closely related species based on phenotypic characteristic; in particular, strain EURKPP3H10 T and C. minutisporangium grew at 40 C, whereas the other strains were unable to do
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Streptomyces ambofaciens ATCC 23877 T (AB184182) Hydrolysis of:
Utilization of carbon sources:
Acid production from:
Enzyme activity of:
Conditions for growth:
Growth at 40
pH 6-9 6-9* 6-11 7-11 5-11 5-11
Source Eucalyptus roots Leaf litter* Soil † Cultivated soil † Cultivated soil ‡ Cultivated soil ‡ *Data taken from Nurkanto et al. [5] . †Data taken from Tamura and Hatano [3] . ‡Data taken from Tamura et al. [1] .
so. This novel strain was negative for Tween 80 degradation, whereas the other type strains were positive. Differentiation of the biochemical and physiological properties of strain EURKPP3H10 T and its closest relatives in the genus Cryptosporangium is presented in Table 1 .
Strain EURKPP3H10
T exhibited characteristics typical of the genus Cryptosporangium. The strain contained mesodiaminopimelic acid in whole-cell hydrolysates. MK-9(H 8 ) (70 %) and MK-9(H 6 ) (25 %) were found as major menaquinones with small amounts of MK-9(H 4 ) (3 %) and MK-9 (H 2 ) (2 %). Acofriose, arabinose, galactose, glucose, mannose, xylose and ribose were detected in the whole-cell hydrolysates. The polar lipids were phosphatidylethanolamine, phosphatidylinositol, diphosphatidylglycerol and unknown polar lipids (Fig. S1) . The major cellular fatty acids were iso-C 16 : 0 (43.8 %), C 17 : 1 !8c (11.4 %), C 18 : 1 !9c (7.7 %) and C 17 : 0 (7.0 %), while anteiso-C 17 : 0 (5.4 %), C 16 : 0 (3.9 %), iso-C 17 : 0 (2.6 %), iso-C 15 : 0 (2.5 %), summed feature 6 (comprising C 19 : 1 !9c/!11c; 2.4 %), C 18 : 0 (2.0 %), iso-C 18 : 0 (1.9 %), iso-C 14 : 0 (1.9 %), summed feature 7 (comprising C 19 : 1 !6c/!7c; 1.6 %) and summed feature 8 (comprising C 18 : 1 !6c; 1.4 %) were found in minor amounts. The G+C content of the DNA was 71.5 mol%.
DNA-DNA relatedness studies provide a reliable way of distinguishing between representatives of species that share high 16S rRNA gene sequence similarity [31] . In this study, levels of DNA-DNA hybridization were determined with the closest phylogenetic relatives based on 16S rRNA gene sequences. Strain T and C. japonicum JCM 10425 T , respectively. These values were below the 70 % cut-off point for assigning strains to the same species recommended by Wayne et al. [32] .
In conclusion, it is evident on the basis of phenotypic and genotypic data that strain EURKPP3H10
T is clearly distinguished from previously described species and represents a novel species of the genus Cryptosporangium, for which the name Cryptosporangium eucalypti sp. nov. is proposed.
DESCRIPTION OF CRYPTOSPORANGIUM EUCALYPTI SP. NOV.
Cryptosporangium eucalypti (eu.ca.lyp¢ti. N.L. gen. n. eucalypti of Eucalyptus, referring to the host plant from which the type strain was isolated). 
